The central dogma of molecular biology states that information in DNA is transcribed into messenger RNA (mRNA), which is in turn translated into proteins by structures called ribosomes. Lengths of mRNA strands vary, but all mRNAs use codons, sets of three nucleotide bases, to instruct the ribosome where to begin protein synthesis, what proteins to produce, and when to stop. Alan G. Hinnebusch, a molecular biologist at the National Institute of Child Health and Human Development and a recently elected member of the National Academy of Sciences, studies both transcription and translation in baker's yeast. In his Inaugural Article (1), Hinnebusch and colleagues discovered how long mRNAs make up for some of their structural inefficiencies in translation. He recently spoke to PNAS about his findings.
PNAS: What spurred your interest in genetics?
Hinnebusch: I was always amazed at how living organisms seemed to be the most astonishingly intricate machines, more complicated and sophisticated than anything that humans have created. When I took genetics in college, I was exposed to case studies where people had studied seemingly simple transitions in microorganisms, applied genetics to them, and came up with rather remarkable findings concerning how genes are turned on and off. important in translation initiation because a key step is attachment of the ribosome to the 5′ end and then scanning for the initiation codon. Both of those processes can be impeded by secondary structures in the mRNA because the ribosome requires single-stranded RNA in the decoding center. It's thought that helicases unwind secondary structure to create a landing pad for the ribosome.
eIF4A and Ded1 are both essential proteins. While we could see hundreds of mRNAs that are hyperdependent on Ded1, the requirement for eIF4A was much more even across genes. We suggested that eIF4A, although cooperating with Ded1 on structured mRNAs, seems to be carrying out a function that's common and critical for all mRNAs.
PNAS: Your Inaugural Article (1) also contains some fairly nuanced findings about initiation of protein translation.
Hinnebusch: In the current study (1) we focused on the factor eIF4B, defined biochemically as a cofactor for eIF4A. There were hints that it has an eIF4A-independent function because it can bind directly to the ribosome near the mRNA entry channel. We could examine this question using ribosome profiling and compare what happens when we delete eIF4B to what we found previously on inactivating eIF4A. If eIF4B is always acting as a cofactor then we should see very similar effects on translational efficiencies. But if it has an independent function, then we expect a different, more complicated outcome for the eIF4B mutant.
The results were somewhere in the middle. We could see that the genes especially dependent on eIF4B have the same signature of long 5′ untranslated regions with propensity for structure that we saw for eIF4A and Ded1. But we found very few mRNAs that are strongly dependent on both eIF4B and eIF4A, and Alan G. Hinnebusch. Image courtesy of Alan G. Hinnebusch. there are many mRNAs that are hyperdependent on eIF4B but with average dependence on eIF4A. Although eIF4B likely does function as a cofactor for eIF4A, it seems to also carry out an eIF4A-independent function, at least on certain mRNAs, which we believe is opening of the mRNA entry channel.
PNAS: What about these findings surprised you?
Hinnebusch: The mRNAs that are particularly dependent on both helicases and eIF4B have another characteristic: they tend to be long mRNAs. We recalled in the literature (5) that one of the important translation intermediates involves formation of what's called the closed-loop structure of the mRNA, where the two ends are joined together by protein-protein interactions. Two proteins are bound to the two ends of the mRNA and they in turn interact with a scaffold factor called eIF4G. It had been shown that long mRNAs have difficulty forming this closed loop (6). What we felt was happening was that long mRNAs, being inefficient at forming the closed loop, are particularly dependent on the functions of these helicases. Supporting this idea, using published data on the amounts of closed-loop-forming factors bound to all yeast mRNAs (7), we saw that long mRNAs with strong potential for closed-loop assembly have an unusually low dependence on the helicases and eIF4B.
A number of years ago we carried out a related study on the effects of depleting eIF4G (8) , the protein involved in forming the closed loop. The mRNAs hyperdependent on eIF4G have exactly the opposite characteristics of the cohort that are hyperdependent on the helicases and eIF4B. The eIF4G-dependent mRNAs tend to be very short, with high potential for closed-loop assembly, have short unstructured 5′ UTRs, and are among the most highly translated mRNAs in the cell. This is unexpected because one of the key functions of eIF4G, besides forming the closed loop, is as a cofactor for eIF4A. So it's very surprising that you would find completely different characteristics of mRNAs hyperdependent on eIF4G versus eIF4A.
This suggests that the most important function of eIF4G in cells is not its role as a cofactor for eIF4A, but something else, which we propose is its ability to form the closed loop. There's a long-standing proposal that circularized mRNAs allow ribosomes to be recycled from the stop codon back to the initiation codon without having to dissociate from the mRNA (9) . Now that's not proven, but that's our working model, which we hope to test in the future.
PNAS: Do your findings have any clinical implications?
Hinnebusch: The initiation factors are highly conserved in all eukaryotic cells. We know that the factors that are associated with eIF4G have been implicated in cancer (10) . This appreciation that some of the most highly translated mRNAs in the cell are particularly dependent on eIF4G could give new insights into the mechanism of tumorigenesis and potential ways of [inhibiting] the process.
